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INFLUENCE OF GEOLOGY ON CONTAMINANT MIGRATION AND REMEDIATION
AT THREE SITES AT THE FORMER BRUNSWICK NAVAL AIR STATION
By
Chris Evans, CG, Maine Department of Environmental Protection, 17 State House Station, Augusta ME 04333
Email address: gordon.c.evans@maine.gov
INTRODUCTION
This field trip will visit four locations at the former Brunswick Naval Air Station (NASB), now called (in part)
Brunswick Landing. The four sites are a former ash landfill (Site 9), a large chlorinated solvent plume (the Eastern
Plume), a former Explosive Ordinance Disposal (EOD) site (Site 12), and the groundwater treatment plant. The
plant is built on the location of Site 11, an important source area for the Eastern Plume (Figure 1). Discussion
during the trip will focus on how the geology and hydrogeology at each location influenced contaminant release and
migration, and the subsequent remedial options that were implemented. Site 12 has been fully remediated and will
be eligible for transfer to the Town of Brunswick in the future. Site 9 and the Eastern Plume are still under
investigation. Environmental investigations of interest will be highlighted, including geophysical methods, historic
aerial photos and drilling/sampling techniques. As of the writing of this guide Stop 1 is accessible. Stops 2, 3 and 4
are currently controlled by the U.S. Navy and are not yet open to public access (Figure 1).
The first use of this area as an airfield dates to the Second World War, when the base was used as a training
facility for fighter pilots. The former WWII airfield was reconfigured and renovated in the mid-1950s. NASB
operated until 2011, when the base was decommissioned as part of the 2005 base re-alignment and closure process.
NASB supported several squadrons of P-3 Orion aircraft that flew missions as part of the Navy’s anti-submarine
warfare operations. The base covered approximately 3,094 acres and included hangers, offices, barracks, repair
shops, recreational facilities and outdoor training areas. Much of the developed portion of the base has been graded
or filled to support the infrastructure. Topography elsewhere is characterized by low rolling hills and incised
drainages (Tetra Tech 2015a).
GENERAL GEOLOGY
Geology at the base is dominated by a large sand plain, a regressive delta deposit that extends south from the
Androscoggin River (Figure 2). Dating of shells in formations below and at the fringes of the deposit indicate the
formation was deposited approximately 12,000 years BP (Weddle, 2002). This publication and the associated
surficial geology map of the Brunswick quadrangle (Weddle, 2001) provide an excellent summary of the
depositional timing and interaction of isostatic sea level changes and changes in flow in the Androscoggin River.
Surface soils generally consist of fine to medium sands, that grade to finer sand and silt deposits overlying blue to
black clay. Fine to medium sand deposits across the NASB have been logged in borings from less than 10 feet deep
up to 60 feet deep. Ground-penetrating radar (GPR) transects completed in the northern area of the base revealed
topsets, and sloping foreset beds (Crider, 1998). Surface deposits in the developed portion of the base were
extensively reworked during the major construction activities in the 1950s. Drainage features were filled and Mere
Brook was culverted under the runways. The lidar imagery for NASB (Figure 3) highlights the extensive grading
and filling, the steeply incised drainages, and bedrock ridges that bound the former base.
Bedrock of the Cape Elizabeth and Cushing Formations underlies the sand, silt and clay deposits (Osberg,
1985). The northeast – southwest trend of surface and sub-surface bedrock in the NASB area is evident in the lidar
image (Figure 3). In at least three areas in the southeastern portion of the base, bedrock is shallow with only a thin
veneer of sands or till. East of Mere Brook and Merriconeag Stream a bedrock ridge hydraulically bounds the site,
and the limits of the sand plain deposit.
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Figure 1 – location map and Figure 2 – Detail of the Maine Geological Survey 2001 surficial geology map of the
Brunswick Quadrangle showing primary surface units associated with the delta deposits across the area.
Groundwater across the developed portion of the sand plain flows primarily south and east. A groundwater
divide cuts across the north end of the former base, approximately in line with the north end of the runways, with
flow from that portion of NASB north toward the Androscoggin River. Depth to groundwater is typically 5 to 15
feet below ground surface (bgs), and unconfined in the upper sands and silt deposits. To the east confined conditions
are common where silt and clay are interbedded with sands near the surface of the marine clay.
SITE 9/MEETING LOCATION
The initial meeting place and Stop 1 is an ash landfill site known as Site 9. Due to demolition of structures and a
large removal action, there is little evidence of the waste disposal or site features from that time period. Geologic
features are also obscured. The main objectives at this location are: (1) to orient to the former base and illustrate how
careful delineation through borings, geophysics or other methods is not always a predictor for excavation findings,
and (2) note the importance of a former drainage channel to past disposal and current groundwater flow patterns.
Soils at the site consist of fine – medium sands, with lenses of ash and fill, over silt or silt and clay at depths of 20 –
40 feet, deepest in the former drainage. Groundwater generally flows south-southeast toward the stormwater ponds
(Figure 4). An incinerator was likely in operation at Site 9 from approximately 1943 to 1953. Ash and other wastes
were reportedly used to fill a dump located in the open grassed area at Stop 1 (Tetra Tech 2015a). Additional filling
of the property was completed to support construction of barracks buildings (Figure 5).
The site was identified in the 1980s and the focus has mainly been the impact of buried waste material on
groundwater quality. In 2006-2008 the Navy implemented a removal action to address the ash and other wastes
delineated during initial characterization of the site, with a goal of eliminating the source of residual VOCs and
metals impacting groundwater at the site. At the time of the removal action more ash and fill was encountered than
anticipated and soil volumes requiring disposal were higher than expected. In addition, the barracks foundations
were still in place, and had to be removed to reach the ash (Figure 6). The excavation was expanded spatially and
vertically to a depth of 20 feet bgs, (Figure 7) and eventually 42,355 tons of soil and ash were removed (Tetra Tech
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2015a). After the removal greater focus was placed on defining the extent of ash and the former drainage channel.
The lidar image for Site 9 (Figure 8) was collected during the removal and shows the excavations and stockpiled

Figure 3. Lidar imagery for the NASB area.
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Figure 4. Interpreted groundwater flow at Site 9,
from long-term monitoring report (Watermark
Environmental, 2015)

Figure 6. Foundations of former barracks building
209, second from the right in the 1958 photo.

EVANS

Figure 5. This image is a 1958 aerial showing the barracks
that were constructed over the filled channel.

Figure 7. Excavation near barracks Building 209, at 20
feet bgs still encountering waste/ash, as well as clay
surface.
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soil. Borings in line with the existing drainage and beyond the excavation limits have encountered a dark organic
layer interpreted to be the former ground surface in the filled channel.
Figure 8. A zoom in on the lidar image
for Site 9, which coincidentally was
collected at the time of the soil
excavation. The orientation of the
excavation and the natural drainage to
the south clearly show how the ash and
other wastes were filled into the
channel when it extended to the
northwest.

The Site 9 removal action did not fully accomplish its objective. Groundwater impacts persist, and a long-term
monitoring program is in place. Near Neptune Drive, based on boring logs, fine to medium sands are present from
the ground surface to depths of 30 to 40 feet bgs before silt or clay are encountered. Residual VOCs are still
detected near the top of the clay surface. Two wells (MW-09-003 near the southern extent of the excavation, and
MW-09-076A near the existing drainage (Figure 4)) are screened in the deepest interbedded sands, and still have
detections of volatile organic compounds (VOCs). VOCs are frequently difficult to remediate in groundwater in
finer-grained portions of an aquifer.
EASTERN PLUME (EP) - STOP 2
The EP is a large groundwater plume with multiple sources. The primary source is Site 11, a former fire training
area located at Stop 4. Other sources include two storage and disposal sites located across the road. The plume
extends over a half-mile in length, bounded to the west by Major Pope Ave (formerly Ordinance Road), and to the
east by the surface water channels. The northern extent of the plume is west of Picnic Pond. The southern boundary
is in the vicinity of Liberty Crossing. The plume has been the focus of multiple investigations since the mid-1990s,
when the original groundwater extraction and treatment system (GWETS) was installed. General groundwater flow
within the plume is southeast, with shallow flow controlled by the surface water channels (Figure 9).
The plume is predominantly located in the silts/sands of the sand plain at its eastern margin. To simplify
development of conceptual models at the EP and elsewhere at the base the overburden has been described generally
as Upper Sand (fine-medium sand, typically tan), Transition Unit (interbedded fine sand and silt or silty clay,
typically gray), Lower Sand (a fine-medium gray sand unit often found within the transition unit, near the marine
clay), and Clay (blue-gray often massive clay commonly called the Presumpscot). Figure 10 shows a cross-section
and an electrical conductivity log from the EP with those units correlated to the logs. Many of the soil and
conductivity logs from environmental work at NASB reference these general units, which have been useful for
describing where contamination is present and what units will be targeted for sampling or well screen placement.
Locations where fuels or solvents containing volatile organic compounds (VOCs) were released during historic
base operations often show no impacts to shallow groundwater in the Upper Sand. Groundwater contamination (if
detected) is frequently found in deeper Transition or Lower Sands. An exception is an emerging contaminant class
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of perfluorinated compounds known as PFCs (a subset of perfluoroalkyl substances or PFAS). PFAS are present in
shallow and deep groundwater in many of the developed areas of the property, and in the EP. PFAS are found in
numerous consumer products and manufacturing applications, and also found in older military-spec fire-fighting
foams. PFAS are still being delineated at NASB, and their presence in groundwater has complicated remediation
efforts. Their toxicology is still being studied. Some of them are bio-accumulative and persistent in the
environment. USEPA has issued
drinking water health advisory
criteria for two PFAS compounds,
perfluorooctanoic acid (PFOA) and
perfluorooctane sulfonate (PFOS),
at 70 ng/L.
The confluence area (Figure
11) has been a focal point for
groundwater extraction and
treatment since the mid-1990s
when the GWETS was first
installed. Over the last decade
continuing investigation and
modeling confirmed that the
highest residual VOCs were present
in depressions in the clay surface
and in locations adjacent the
streams. This is supported by
chemical data from porewater and
monitoring wells near the streams.
To target these “hot-spots” and
increase the efficiency of the
GWETS, three new extraction wells
were installed to target groundwater
that was not being intersected by
the original system.

Figure 9. Groundwater flow across the Eastern Plume, modified from
Watermark Environmental, 2015.
Electrical conductivity logging has been a valuable exploration method, based on its ability to delineate discrete
zones in the subsurface stratigraphy at high resolution. To be accurately interpreted, it needs to be correlated on a
site-specific basis to a full soil core to confirm the interpretation of the EC probe versus soil stratigraphy. The crosssection in Figure 10 shows a profile from near Major Pope Ave, relatively close to the source areas for the plume, to
the confluence area. At the western margin of the plume, the sand units represent a large portion of the profile, and
extend to depths of 80 feet, typical for several areas across the center of the sand plain and NASB. The lack of
significant confining layers closer to the central portion of the sand plain allowed VOCs to migrate to the deepest
portions of the aquifer in the Lower Sand (LS). Closer to stream the LS pinches out and groundwater in sand units
near the clay surface is confined. Water level gauging of well triplets near the brook indicates that vertical gradients
are upward, with some deep screen zones being artesian. These hydraulic conditions result in plume discharge to
the stream channel.
Investigation of the plume discharge to the streams has been evaluated for many years through testing of seeps,
porewater and surface water samples. Porewater surveys of Mere Brook and Merriconeag Stream in 2005 and 2008
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Figure 10. Compilation of
electrical conductivity logs and
boring logs showing a transect
from the central portion of the
EP to the confluence discharge
zone, roughly along the Stop 2
path. Generalized unit
descriptions have simplified
field descriptions and planning
of well installations, and support
the site conceptual model.
Adapted from ECC 2008 and
Terta Tech 2012.
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revealed numerous locations along the
eastern length of the plume where VOCs
were present in shallow groundwater at
depths of about 18 inches. To refine the
distribution and potential risk from this
discharge piezometers were installed at
depths ranging from 5-10 feet bgs to 2-8
inches below the bed of the stream. Soils
at 5-10 feet are mapped as Transition, a
mix of interbedded silt, clay and sand,
deposited at at the fringe of the sand plain.
Shallow sediment in the streams is noted
as Upper Sand, but is more appropriately
called alluvium (Figure 12 and AGVIQ
2011). VOCs are distributed as expected,
with the highest values in the deeper strata
and decreasing in the shallow porewater.

Figure 11. Topographic view of the
confluence area and Stop 2 access, with
sample locations noted. Several of the
monitoring wells and probe locations
used for Figure 10 are circled for
reference.

Figure 12. Depiction of shallow groundwater-porewater sample program. Greatest VOC concentrations typically
detected in the deeper piezometers, with decreasing concentrations in the upper 24 inches before intersection with
the surface water.
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SITE 12 EXPLOSIVE ORDINANCE DISPOSAL AREA – STOP 3
Site 12 is located beyond the extent of the sand plain and is situated between ridges of schist (identified as the
Cape Elizabeth formation) with pegmatite sills identified in some of the steeper slopes. Bedrock exposures are
common across the site. Soil logged in borings and test pits was a mix of sand, silt and gravel (probable fill) over
clay. Clay was encountered at two to four feet bgs, and bedrock at four to ten feet bgs under the clay. A fracture
trace study was completed in 2012 to support installation of monitoring wells, identifying two major orientations for
features at the site. Planar features (schistosity) are oriented northeast-southwest, in line with photo-linears and the
larger ridge orientation at NASB, and dip southeast. Joints primarily strike west-northwest, with multiple dip
directions (Tetra Tech 2015b). These results are similar to an earlier study completed in 2003 by Gannet-Fleming,
supported in the field by Art Hussey. Surface water drains northwest out of the pond during high water events and
to the west from the central portion of the site.
Site 12 was a munitions disposal site that operated from 1980 to 2004, primarily for disposal of small quantities
of ordinance associated with operation of the Navy squadrons and the marines stationed at the base. Multiple
historic berms were located across the central portion of the site during the years of operation, which were used to
shield the demolition activities. The lidar image (Figure 13) for the site shows the last berm configuration prior to
closure. To make the site safe and address potential environmental concerns there were multiple phases of work. A
series of geophysical studies were conducted using hand-held and towed instruments to clear the surface soil of any
munition items that could pose a risk, and to identify buried items. Methods included ferrous and “all-metal”
detectors, and time-domain electromagnetic induction surveys (EM-61) (Tetra Tech 2015b). Side-scan sonar was
completed on the pond by boat, and then the sediment was cleared by EM-61. The geophysical surveys revealed
large amounts of metal in the subsurface. There was some evidence of landfilling in the form of concrete rubble and
other materials at the surface. The extent of disposal was a challenge for the munitions clearance,
because the geophysical data do not
distinguish munitions from rebar, culverts
and other debris. Excavation involved
special precautions such as a blast shield for
the excavator, and some large inert
munitions were recovered (Figure 14). A
large percentage of items removed based on
the geophysics were culverts, rebar and
other metal debris (USA Environmental,
2015).
Based on the explosives use and
landfilling, and the shallow bedrock,
bedrock groundwater was considered at risk.
Three wells were drilled in the central
portion of the site (Figure 15), targeting the
most likely positions to intercept explosives
constituents or other contamination
associated with the landfilling activities.
Groundwater elevation data showed
elevations were very close to the level of the
pond, and in the central portion of Site 12
near the berm areas, data indicate that
vertical gradients are slightly upward
Figure 13. Lidar for Site 12, last berm is
visible in central site. Note also the rounded
south-facing slope of fill compared to the
much “rougher” south bedrock slopes north
of the site.
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Figure 14. Photos from the munitions
clearance at Site 12, from left, clockwise: a
blast shield for the excavator, the EM-61
sled used to clear the pond sediments, and an
inert torpedo. (photos from USA
Environmental, 2015)

in the bedrock. Water level measurements taken
when the pond was drained for munitions clearance
indicate some connection between the pond water
and bedrock groundwater. These factors in
combination with the lack of contaminant
detections in the groundwater supported the
conclusion that despite the EOD operations and
landfilling, there were no groundwater
contamination concerns at the site.

Figure 15. Digital geophysical modeling composite
of metal anomalies detected in soil and sediment at
the site. Large reflectors are masses of metal debris
buried in fill at the site.
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GROUNDWATER EXTRACTION AND TREATMENT SYSTEM (GWETS) - STOP 4
The GWETS is built at the site of one of the three identified sources for the Eastern Plume, the former fire
training area known as Site 11 (Figure 16). The treatment system has operated since 1995 and discharges treated
water to an infiltration gallery to the east of the plant. The treatment train is currently an oxidation (HiPOx) unit
followed by two activated carbon vessels. A third vessel may be added to improve the ability to detect and respond
to breakthrough without shutting the system down. The oxidation involves treatment with a mixture of hydrogen
peroxide and ozone (Tetra Tech 2015a). The system is receiving water from six extraction wells and treats over
two million gallons of water per month for VOCs, 1,4 dioxane and PFCs (Watermark, 2016b). The infiltration
gallery is situated directly over the former training area. Remediation of Site 11 was completed in the early 1990s,
when a large volume of soil and waste was removed and placed in the hazardous waste landfill located southeast of
the runways.

Figure 16. Aerial photo of Site 11- Fire Training Area and the GWETS site, 1958 on left and 2015 on right.

ROAD LOG
Stop 1. UTM Coordinates : X(425360.0886), Y(4860379.8268) Site 9 and the initial meeting point is a parking area
in the central portion of the former base now called Brunswick Landing. From Cooks Corner, proceed west to the
Brunswick Landing entrance and follow Admiral Fitch Avenue to intersection with Orion Street. Turn left and
travel about ¼ mile to the meeting point and Stop 1. Site is currently open and grass covered. The remnant of the
former incised surface water drainage can be seen across Neptune Drive. Most of the storm water from the
developed portion of the airfield and Brunswick Landing flows to the ponds south of Neptune Drive. Access to
view the ponds is limited now that individual businesses are operating in the buildings south of Site 9.
From Stop 1, road names are from Google Earth, some maps still show names from era of the active base.
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Proceed south on Orion Street
Turn left on Purinton Road
Turn right on Major Pope Ave
Turn left on dirt access road to gates. Park inside gated area, overflow outside gate or after second gate
Approximately 0.2 miles to walk the access road to the slope above the surface water floodplain

Stop 2. Eastern Plume Confluence. Stop 2 is a dirt access road that travels west to east, originally to provide
access to a cemetery and used in recent years as an access point to sample points for the Eastern Plume. This short
traverse travels from the central portion of the plume to discharge points along Mere Brook and Merriconeag
Stream. The primary geologic features are several obvious seeps along the embankments that lie at the edge of the
sand plain deposit where it borders a bedrock ridge east of NASB. The dirt access road passes several of the
extraction wells currently pumping water to the treatment plant located on Purinton Road (final optional stop). If
conditions are favorable seeps are easily located along the banks of the brook, and multiple monitoring well groups
are located here.
Also located in the confluence area is the Gatchell Cemetery, which dates back to the mid-1700s. Reportedly up to
200 graves may be located in its vicinity (http://www.rootsweb.ancestry.com/~mebrucem/cem9.html ). Please be
respectful if you take a walk through, and note that many graves are only marked by a foot stone rather than a
headstone.
Return to vehicles and turn left on Major Pope Ave
1.3
Turn left on Ordinance Road, bear left to pass the Reserve Center, pass through gate
1.9
Bear left up unmarked road
2.1
Turn sharp left up dirt access road across from closed former storage bunker
2.3
Park in dirt access road near second gate. The dirt access loop road visible on aerial photography is
currently not maintained and is overgrown.
Stop 3. Site 12 former munitions disposal site. There is parking at the site for several vehicles. Overflow space is
available near the bunker on the paved access road. This property is planned for transfer to the town of Brunswick,
but it will still be Navy property at the time of the field trip. As the site has not been maintained for over a year,
access to the monitoring wells may be limited by heavy brush.
To the north an access loop road climbs a short slope to an open hill where the group can look down over the site.
Although not a focus of this trip, there is access to ledges of the Cape Elizabeth Formation along this road. The
excavated and restored central berm area is directly below the slope and road. Based on geophysical investigations
at the site much of the slope is either part of the bedrock ridge or is comprised of demolition debris, concrete, metal
and other solid fill. Based on the history of munitions disposal, no digging is allowed at the site. However a full
surface clearance has been completed to allow safe access for recreation and other non-invasive purposes. If
accessible there are also good bedrock exposures along the pond’s east side. The site is located between bedrock
ridges of the Cape Elizabeth Fm, with only a thin veneer of sand, silt and clay except where Navy filled the site.
This is in contrast to the deep strata at the sand plain locations, where there was potential for groundwater
contamination to spread in the overburden.
Return to vehicles and reverse route, optionally the paved access road is a loop around the former bunkers, and
returns to the turn at 2.1 miles
2.6
turn right on paved access road
2.8
bear right at merge with loop
3.3
turn right on Major Pope Ave
4.0
Turn left on Purinton Road
4.2
enter parking lot at Building 50, Stop 4 and the GWETS. This stop will be the break between the morning
and afternoon trips, those who wish can get a tour of the treatment plant, ask further questions, or move on
to the next trip!
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